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Abstract 

Background: Recombinant factor Vila (rFVIIa) may be used for rapid hemostasis in life-threatening hemorrhage. In 
warfarin-associated intracerebral hemorrhage (wICH), FVIIa use is controversial and may carry significant 
thromboembolic risks. We compared incidence of baseline thromboembolic risk factors and thromboembolism 
rates in wICH patients treated with additional rFVIIa to those treated with standard therapy of fresh frozen plasma 
(FFP) and vitamin K alone. 

Methods: We identified 45 consecutive wICH patients treated with additional rFVIIa over 5-year period, and 34 
consecutive wICH patients treated with standard therapy alone as comparison group. We compared the incidence 
of post-hemorrhage cardiac and extra-cardiac thromboembolic complications between two treatment groups, and 
used logistic regression to adjust for significant confounders such as baseline thromboembolic risk factors. We 
performed secondary analysis comparing the quantity of FFP transfused between two treatment cohorts. 

Results: Both rFVIIa-treated and standard therapy-treated wICH patients had a high prevalence of pre-existing 
thromboembolic diseases including atrial fibrillation (73% vs 68%), deep venous thrombosis (DVT) or pulmonary 
embolism (PE) (22% vs 18%), coronary artery disease (CAD) (38% vs 32%), and abnormal electrocardiogram (EKG) 
(78% vs 85%). Troponin elevation following wICH was prevalent in both groups (47% vs 41%). Clinically significant 
myocardial infarction (Ml), defined as troponin > 1.0 ng/dL, occurred in 13% of rFVIIa-treated and 6% of standard 
therapy-treated patients (p=0.52). Past history of CAD (p=0.0061) and baseline abnormal EKG (p=0.02) were 
independently associated with clinically significant Ml following wICH while rFVIIa use was not. The incidences of 
DVT/PE (2% vs 9%; p=0.18) and ischemic stroke (2% vs 0%; p=0.38) were similar between two treatment groups. 
Recombinant FVIIa-treated patients had lower mean INR at 3 (p=0.0001) and 6 hours (p<0.0001) and received fewer 
units of FFP transfusion (3 vs 5; p=0.003). 

Conclusions: Pre-existing thromboembolic risk factors as well as post-hemorrhage troponin elevation are prevalent in 
wICH patients. Clinically significant Ml occurs in up to 1 3% of wICH patients. rFVIIa use was not associated with 
increased incidence of clinically significant Ml or other venous or arterial thromboembolic events in this wICH cohort. 
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Background 

Warfarin-associated intracranial hemorrhage (wICH) is 
growing in incidence and remains the most lethal iatro- 
genic stroke with a case fatality rate of over 50% [1,2]. 
The optimal urgent treatment for wICH remains contro- 
versial [3]. Available therapies for rapid coagulopathy re- 
versal include intravenous (IV) vitamin K, fresh frozen 
plasma (FFP), prothrombin complex concentrate (PCC), 
and rFVIIa [4-12]. Coagulopathy correction with FFP 
alone takes over 30 hours and 2-4 liters of intravascular 
volume administration in wICH [7,13]. Recombinant 
FVIIa is able to bind to tissue factor and increase throm- 
bin generation and platelet activation [14] at the site of 
hemorrhage; it is considered a possible therapeutic ad- 
junct in life-threatening hemorrhages such as wICH and 
hemorrhage associated with newer oral anticoagulants. 

Intracranial hemorrhage is associated with increased 
risk of arterial and venous thromboembolic events 
[15,16]. Though FFP and vitamin K use in wICH do not 
appear to increase post-ICH thromboembolic complica- 
tions [17], it is not known whether rFVIIa use in wICH 
can cause excessive thromboembolic events. In non- 
anticoagulated ICH patients, the Factor Seven for Acute 
Hemorrhagic Stroke (FAST) Trial showed rFVIIa use is 
associated with a small increase in arterial thrombo- 
embolism, usually minor cardiac events [18]. Unlike the 
population studied in FAST, ICH patients on warfarin 
have pre-existing thromboembolic diseases and may be 
at much higher risk for subsequent thromboembolic 
complications as compared to non-anticoagulated ICH 
patients. In this study, we compare the baseline 
thromboembolic risk factors and the incidence of car- 
diac and extra-cardiac thromboembolic complications in 
two groups of wICH patients, one treated with standard 
therapy consisting of FFP transfusion and IV vitamin K, 
and the other treated with standard therapy plus add- 
itional 40 ug/kg of rFVIIa. 

Methods 

Patient selection 

We identified 80 consecutive rFVIIa-treated ICH patients 
admitted to a single tertiary care hospital from 2003-2008 
from a prospective registry. We excluded 30 patients who 
received anticoagulants other than warfarin and 5 who 
had multi-system trauma and secondary disseminated 
intravascular coagulation, leaving 45 patients for analysis. 
For comparison, we identified a cohort of 34 consecutive 
patients with wICH who were treated with IV vitamin K 
and FFP alone. To minimize patient selection bias, we 
selected this comparison cohort from the time period of 
2008-2009 when rFVIIa was no longer available at our in- 
stitution as adjunct therapy to wICH. This study was 
approved by the local institutional review committee 
(Partners Human Research Committee) and proce- 



dures followed were in accordance with institutional 
guidelines. 

Thromboembolism definition 

We systematically reviewed all patient records for baseline 
thromboembolic risk factors and pre-defined cardiac and 
extra-cardiac thromboembolic complications. We defined 
event-related troponin elevation as any troponin-I eleva- 
tion above normal laboratory assay range within 72 hours 
of rFVIIa or FFP administration. We defined clinically- 
significant MI as elevation of troponin-I above 1.0 ng/dL 
with or without EKG changes within 72 hours of rFVIIa 
or FFP administration. 

Since EKG changes following ICH are common and 
can be mediated by the primary neurological event, we 
systematically analyzed all EKGs using pre-defined defin- 
ition for new EKG changes to minimize interpretation 
bias. Two reviewers (SC and XC) reviewed all EKGs and 
classified them under the following categories: i) ST seg- 
ment changes, ii) T-wave changes, iii) conduction block, 
iv) any arrhythmia, and v) QTc prolongation. 

We defined DVT as the presence of thrombi in the 
deep venous system detected by duplex ultrasound or 
computed tomography (CT) venogram anytime during 
acute hospitalization for wICH. PE was defined as the 
presence of thrombi on chest CT angiography. Duplex 
venous ultrasound, CT venography, and chest CT angi- 
ography were performed according to standardized clin- 
ical protocol based on clinical suspicions and not as 
routine screening. We defined new ischemic strokes as 
the presence of new lesions on head CT or MRI consist- 
ent with ischemic infarction anytime during acute 
hospitalization for wICH. All wICH patients underwent 
head CT or MRI upon initial presentation and again at 
24 hours following wICH presentation per standardized 
clinical protocol. Additional head CT or MRI was 
acquired based on clinical indications. Peripheral arterial 
ischemia was defined as clinical exam findings consistent 
with limb ischemia not present on admission. 

We systematically reviewed patient records for base- 
line thromboembolic risk factors, including prior coron- 
ary artery disease (CAD), atrial fibrillation (AF), 
ischemic stroke, transient ischemic attack (TIA), DVT, 
PE, and history of malignancy. Patients were considered 
to have a history of CAD if they carried a diagnosis of 
angina, MI, ischemic cardiomyopathy, or had undergone 
coronary artery angioplasty, stenting, or cardiac bypass 
surgery. 

Clinical and outcome data 

We collected data on patient demographics, indications 
for warfarin therapy, treatment of wICH, in-hospital 
mortality, and INR and partial thromboplastin time 
(PTT) at hospital presentation and at 3 and 6 hours 
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following rFVIIa or FFP infusion, and total FFP use 
throughout hospital stay. For patients who died prior to 
hospital discharge, we recorded the causes of death and 
changes in goals of care. 

Standardized wICH treatment protocol 

All patients with ICH were treated with a standardized 
protocol including reduction of systolic blood pressure 
to below 160 mmHg and infusion of IV vitamin K and 
FFP if the INR was above 1.4. FFP infusion continued 
until there was no clinical evidence of continued bleed- 
ing and INR returned < 1.4. All patients were screened 
for cardiac ischemia which included 3 sets of EKG and 
cardiac troponin-I measurements at 8 hour intervals. In 
patients with troponin elevation or EKG changes, 
troponin-I and EKG were repeated daily until results sta- 
bilized. All patients with suspected DVT or PE underwent 
duplex ultrasound, CT venography, or chest CT angiog- 
raphy. All patients received thromboembolism prophy- 
laxis with compression stockings, sequential compression 
devices, and subcutaneous heparinoid injections. 

From 2003-2008, rFVIIa was available at our institu- 
tion for compassionate use in wICH. Patients with INR 
> 1.5 and acute ICH who did not have acute ischemic 
EKG changes or troponin-I elevation were eligible to 
receive rFVIIa 40 (ig/kg at the physician's discretion. 

Statistical analysis 

We compared all continuous variables using two-sided 
Student i-test for normally distributed and Wilcoxon 
rank sum test for non-normally distributed data. Cat- 
egorical variables were compared using the chi-square 
test. We used multivariate logistic regression models to 
explore the independent relationship between troponin 
elevation and clinically significant MI with rFVIIa and 
with other risk factors. Age, history of cancer, and base- 
line abnormal EKG were included as covariates because 
they were significantly different between the two 
cohorts. Additional factors were selected as covariates if 
they were associated with the outcome of interest 
(troponin elevation, clinically significant MI) on univari- 
ate screening with significance of p < 0.1. All statistical 
analyses were performed using JMP 8.0. 

Results 

Pre-existing thromboembolic conditions 

Baseline characteristics of the rFVIIa-treated and com- 
parison cohorts of wICH patients were similar (Table 1). 
Both cohorts consisted of elderly patients (73-77 years) 
with predominantly intra-parenchymal hemorrhage 
(IPH) or subdural hemorrhage (SDH). The most com- 
mon indication for warfarin therapy was AF, followed by 
DVT/PE. 



Table 1 Baseline Characteristics 



Characteristics 


FVIIa Group 
(n = 45) 


Comparison 
Group (n = 34) 


p-value 


Age 


73 [69-76] 


77 [74-81] 


0.07 


Female gender 


22 (49%) 


1 9 (56%) 


0.53 


Diagnosis 






0.77 


ntra-parenchymal hemorrhage 


22 (49%) 


14 (41%) 




Subdural hemorrhage 


1 9 (42%) 


1 7 (50%) 




Subarachnoid hemorrhage 


4 (9%) 


3 (9%) 




ndication for anticoagulation 






0.79 


AF 


29 (64%) 


21 (62%) 




Mechanical valve 


3 (7%) 


2 (6%) 




DVT/PE 


7 (16%) 


5 (15%) 




Stroke 


2 (4%) 


2 (6%) 




Cardiomyopathy 


1 (2%) 


3 (9%) 




Unknown 


3 (7%) 


1 (3%) 




Prior Thromboembolism History 








History of AF 


33 (73%) 


23 (68%) 


0.58 


History of CAD 


1 7 (38%) 


11 (32%) 


0.62 


History of DVT/PE 


1 0 (22%) 


6 (18%) 


0.61 


History of stroke/TIA 


8 (18%) 


1 0 (29%) 


0.22 


History of cancer 


5 (11%) 


11 (32%) 


0.02 


Abnormal baseline EKG 


35 (78%) 


29 (85%) 


0.01 


T wave abnormality 


11 (24%) 


2 (6%) 




ST abnormality 


11 (22%) 


1 2 (35%) 




Conduction block 


5 (11%) 


7 (21%) 




Arrhythmia 


6 (13%) 


6 (18%) 




QTc prolongation 


1 (2%) 


2 (6%) 




Left ventricular hypertrophy 


2 (4%) 


0 




Initial INR 


2.47 [2.17 - 2.78] 


2.22 [1 .98 - 2.47] 


0.36 


Initial PTT 


40.3 [35.8 - 44.8] 


36.8 [34.2 - 39.4] 


0.75 



Both groups had similarly high prevalence of pre- 
morbid AF (73% in rFVIIa-treated group vs 68% in com- 
parison group), CAD (38% vs 32%), DVT/PE (22% vs 
18%), and stroke/TIA (18% vs 29%). The standard- 
therapy wICH cohort had more subjects with history of 
malignancy or an abnormal baseline EKG. Prevalence of 
ST segment abnormalities on baseline EKG was similar 
in both groups. No one had ST segment elevation on 
baseline EKG. 

Cardiac thromboembolic complications 

Over 93% of study cohort had troponin-I data, and all 
subjects with EKG changes had concurrent measure- 
ment of cardiac troponin-I. 

Troponin elevation following wICH was prevalent 
(Table 2), and the rates of troponin elevation were simi- 
lar between two study cohorts. Troponin elevations were 
rarely accompanied with concurrent EKG changes. This 
occurred in two patients in rFVIIa-treated group and 
none in the comparison group (4% v.s. 0%; p = 0.29). 
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Table 2 Incidences of Thromboembolic Complications 





rvlla uroup 

(n = 45) 


Comparison 
Group (n = 34) 


p-value 


Troponin elevation 


21 (47%) 


14 (41%) 


0.53 


Clinically Significant Troponin 
Elevation (Troponin > 1.0 ng/dL) 


6 (13%) 


2 (6%) 


0.52 


New EKG changes 


1 9 (42%) 


6 (18%) 


0.06 


T-wave abnormality 


8 (18%) 


1 (3%) 




ST abnormality 


4 (9%) 


3 (9%) 




Conduction block 


1 (2%) 


0 




Arrhythmia 


3 (7%) 


1 (3%) 




QTc prolongation 


2 (5%) 


1 (3%) 




Troponin elevation with EKG Changes 


2 (4%) 


0 


0.29 


DVT7PE 


1 (2%) 


3 (9%) 


0.18 


Stroke 


1 (2%) 


0 


0.38 



The EKG changes observed here were T-wave inversion 
and QTc prolongation thought to be secondary to the 
primary neurological event. 

New EKG changes occurred in 42% of rFVIIa-treated 
cohort and 18% of standard-therapy wICH cohort, with 
the predominant EKG changes being T-wave abnormal- 
ities. There were no cases of ST elevation or ventricular 
arrhythmias in either cohort. The incidence of clinically 
significant troponin elevation (troponin-I > 1.0 ng/dL) in 
rFVIIa-treated cohort was 13% compared to 6% the 
standard-therapy cohort (p = 0.52). Only one patient 
with troponin-I elevation had hemodynamic instability, 
which occurred transiently during propofol infusion. 

We explored the relationship between clinically- 
significant MI in wICH and baseline thromboembolic 
risk factors or rFVIIa use. Thromboembolic risk factors 
explored included age, gender, history of DVT/PE, his- 
tory of AF, history of CAD, history of cancer, history of 
stroke/TIA, and abnormal EKG at baseline. On univari- 
ate screening, clinically-significant MI (troponin-I > 1.0 
ng/dL) in wICH was associated with prior history of 
CAD (p=0.0095) and presence of baseline abnormal 
EKG (p=0.03) but not with rFVIIa use (p=0.46). In the 
multivariate logistic regression model, past history of 
CAD (p = 0.0061) and abnormal baseline EKG 
(p = 0.02) were independently associated with develop- 
ment of clinically significant MI following wICH while 
rFVIIa use was not (p = 0.81) associated with this 
outcome. 

Extra-cardiac thromboembolic complications 

The incidence of venous thromboembolism (DVT or 
PE) during acute hospitalization was less prevalent than 
elevated cardiac biomarkers overall, and the incidences 
were similar between two patient cohorts (Table 2). No 
one in either cohort developed peripheral arterial 
occlusion. 



Ischemic cerebral events were rare. One patient from 
the rFVIIa-treated cohort and none from the standard- 
therapy cohort developed an ischemic stroke during 
acute hospitalization. This patient had pre-existing atrial 
fibrillation, had not received antithrombotic therapy 
since wICH onset, and developed small ischemic strokes 
in multiple vascular territories consistent with cerebral 
emboli 20 days after rFVIIa treatment. 

Clinical outcomes 

The rFVIIa-treated cohort had lower INR at 3 and 6 
hours following treatment and received fewer units of 
FFP (Table 3) compared the standard-therapy cohort. More 
rFVIIa-treated patients underwent surgical hematoma 
evacuation (38% v.s 18%, p = 0.05) as compared with the 
standard-therapy cohort. Overall, there is no significant 
correlation between surgical hematoma evacuation and 
death (p=0.583). However, in the rFVIIa-treated cohort, 
there was significandy higher survival with surgical 
hematoma evacuation compared to the standard-therapy 
cohort (53.6% v.s 82.4%, p=0.044). This association is not 
seen in the cohort treated with conventional therapy 
(86% v.s 67%, p = 0.28). 

In-hospital mortality was 36% in the rFVIIa-treated 
cohort and 18% in the standard-therapy cohort (Table 3). 
In the rFVIIa-treated cohort, mortality was higher in 
patients with IPH (55%) and SAH (75%) than in those 
with SDH (5%). Fourteen of sixteen deaths in the 
rFVIIa-treated cohort and all six deaths in the standard- 
therapy cohort occurred following withdrawal of life- 
sustaining therapy because of poor neurologic prognosis. 
The remaining two patients met criteria for brain death. 
No patient died as a result of thromboembolic 
complications. 

Discussion 

In this study, we found wICH patients have a high 
prevalence of baseline thromboembolic risk factors and 
high incidence of post-ICH troponin elevation regardless 
of rFVIIa exposure. The overall incidence of clinically- 
significant MI (troponin-I > 1.0 ng/dL) ranged from 6- 
13% and was not significantly different between rFVIIa- 

Table 3 Clinical Outcomes 

FVIIa group Comparison p-value 
(n = 45) Group (n = 34) 

Mean!NRat3h 0.98 [0.90 - 1 .06] 1 .63 [1 .40 - 1 .86] 0.0001 

Mean INR at 6 hours 1.10 [1.00 - 1.20] 1.51 [1.41 - 1.61] <0.0001 



Mean units of FFP transfused 


3 [2.1 - 3.9] 


5 [3.6 - 6.3] 


0.003 


Surgical hematoma evacuation 


1 7 (38%) 


6 (18%) 


0.05 


Survival after surgical hematoma 
evacuation 


14 (31%) 


4 (12%) 


0.04 


n-hospital death 


1 6 (36%) 


6 (18%) 


0.07 


Withdrawal of life-prolonging care 


14 (31%) 


6 (18%) 


0.17 
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treated compared to standard-therapy wICH cohorts. 
Recombinant FVIIa use also did not appear to increase 
the incidence of post-ICH extra-cardiac thromboembolic 
events in our cohorts. In addition, thromboembolic 
complications did not contribute to any in-hospital 
deaths in either wICH treatment group; rather, all deaths 
were attributable to the primary neurological disease. 
While a prior history of CAD and abnormal EKG at 
baseline may confer a higher risk of clinically significant 
MI following wICH, rFVIIa use did not appear to in- 
crease the risk of post-ICH troponin elevation or clinic- 
ally significant MI after adjusting for risk factors. 

Compared with the Factor Seven for Acute Hemorrhagic 
Stroke (FAST) study [14], we found a higher incidence of 
troponin elevation (41-47%) regardless of rFVIIa use in 
these wICH patient cohorts. This difference likely arose 
from the fact that FAST included non-anticoagulated ICH 
patients whose baseline risk for thromboembolism may be 
very different from wICH patients. As we found in this 
study, wICH patients tend to have a high prevalence of 
baseline risk factors for thromboembolism. The FAST co- 
hort had an average age of 65, 12% baseline thrombo- 
embolism history, and only 5% history of prior MI. In 
comparison, our wICH patients were older (mean age 
73-77 years) and had a much higher prevalence of 
prior thromboembolic diseases, including a 32-38% 
prevalence of pre-existing CAD. FAST found that 
rFVIIa use in non-anticoagulated ICH patients was 
associated with a dose-dependent increase in the com- 
bined incidence of non-ST elevation MI and ST-elevation 
MI (STEMI) (6.4% in placebo group - 12.1% in 80ug/kg 
FVIIa group). Despite higher prevalence of baseline risk 
factors in our wICH cohort, we did not observe any 
STEMI in this patient cohort. 

Clinical outcome analysis suggest that the rFVIIa trea- 
ted cohort had lower INR at 3 and 6 hours, which is a 
known effect of rFVIIa on INR measurements and may 
not reflect reversal of warfarin-associated coagulopathy. 
The fact that rFVIIa treated cohort also received fewer 
units of FFP transfusion and were more likely to 
undergo surgical evacuation compared to conventional 
therapy cohort may be secondary to their lower INR 
measurements, or to clinical evidence of hemostasis. 
While surgical evacuation is not associated with overall 
mortality, we observe an interesting association between 
surgical evacuation and higher rate of survival in the 
rFVIIa-treated cohort but not in the cohort treated by 
conventional therapy. This association may suggest that 
rFVIIa-treated cohort derived more benefit from surgical 
hematoma evacuation while the conventional-therapy 
cohort did not. A prospective, randomized study would 
be necessary to this postulated association between 
rFVIIa treatment and potential benefit from surgical 
hematoma evacuation. 



To our knowledge, this is the largest study comparing 
thromboembolic complications of rFVIIa use to FFP and 
IV vitamin K therapy in warfarin-related ICH. Compared 
to a large case series by Robinson and colleagues, where 
101 patients treated with variable doses of rFVIIa for 
warfarin-associated hemorrhages of the brain and spinal 
canal had no cardiac thromboembolic events [19], we 
found a much higher incidence of cardiac thrombo- 
embolic events following wICH regardless of rFVIIa use. 
Differences in location of hemorrhages, methods use for 
cardiac thromboembolism screening, and differences in 
rFVIIa dosage likely have contributed to the difference 
in results between our study and the study by Robinson 
et al. Our results on rFVIIa-related extra-cardiac 
thromboembolism are more consistent with that 
reported by Robison et al. (DVT 10%, ischemic stroke 
3%) and by the FAST study (DVT 4-5%, PE 1%, ischemic 
stroke 3-6%). These results suggest a relatively lower 
overall incidence of extra-cardiac thromboembolic com- 
plications in ICH regardless of warfarin or rFVIIa use. 

Consistent with prior studies [20], the rFVIIa-treated 
cohort in this study achieved lower mean INR values 
than the standard-therapy wICH group. This effect on 
INR was sustained for at least 6 hours following rFVIIa 
administration, and the rFVIIa-treated cohort received 
less FFP. While recombinant FVIIa is known to 
normalize INR rapidly in warfarin-associated systemic 
bleeding [21], whether such INR normalization reflects 
full reversal of coagulopathy remains controversial 
[22-24] though several prior studies of rFVIIa use in 
wICH did report potential clinical therapeutic benefits 
[20,23,25-28]. Because this study was not designed to 
measure the therapeutic effect rFVIIa in hemostasis in 
wICH, we must interpret these data with caution. The 
fact that rFVIIa-treated group required less FFP may 
reflect that rFVIIa-treated patients had clinical evidence of 
hemostasis with less FFP use, but a prospective study 
would be necessary to determine whether rFVIIa pro- 
motes improve outcome in wICH. 

This study has several limitations. Although one of the 
larger studies of rFVIIa use in wICH, our overall sample 
size is small and this limits our power to detect small 
effects. The observed rate of 13% versus 6% clinically sig- 
nificant MI may reflect a true difference in cardiac ische- 
mia risk associated with rFVIIa use which may be 
detected in a larger cohort. The retrospective design sub- 
jects this study to potential biases such as selection and 
data ascertainment bias. To minimize patient-selection 
bias, we chose a comparison standard-therapy wICH co- 
hort from a time period when rFVIIa was not available on 
formulary. This avoids the most serious systematic errors 
in selecting patients with lower thromboembolic risks for 
rFVIIa therapy. Existence of a standardized clinical proto- 
col for cardiac and extra-cardiac thromboembolism 
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screening in all wICH patients limits the potential for data 
ascertainment bias in this particular study. This study does 
not address the comparative thromboemboile complica- 
tion rates and efficacy of warfarin reversal of rFVIIa com- 
pared to other potential agents such as PCC. Though we 
have established the prevalence of thromboembolic com- 
plications from rFVIIa use in wICH, the thromboembolic 
risks of PCC use in this population is still unknown. While 
rFVIIa as an activated factor capable of direct binding to 
tissue factor suggest it may achieve faster hemostasis, PCC 
contains all vitamin-K dependent coagulation factors and 
may be a more efficacious agent for warfarin reversal. Fur- 
ther studies are necessary to address both of these import- 
ant questions. Finally, we chose to analyze all patients with 
intra-cerebral hemorrhage as a single cohort in this study, 
as has been done in other studies of rFVIIa use in wICH 
[19,23,28]. Though this design increases generalizability of 
our data on systemic thromboembolic effects of rFVIIa 
use in intracranial hemorrhages in general, it introduces 
heterogeneity in the neurological conditions and their sub- 
sequent treatments, thereby limiting our ability to study 
the specific effects of rFVIIa on neurologic outcomes of 
wICH. Despite these limitations, this study is the first to 
report the overall incidence of cardiac and extra-cardiac 
thromboembolic complications with rFVIIa use in wICH, 
and to provide a comparison with thromboembolic risks 
of wICH patients treated with standard therapy. 

Conclusions 

Warfarin-associated ICH patients have high prevalence 
of baseline thromboembolic risk factors and high preva- 
lence of post-ICH troponin elevation regardless of 
rFVIIa use. Recombinant FVIIa use does not appear to 
increase the risk of cardiac or extra-cardiac thrombo- 
embolic events following wICH in our patient cohorts. 
Pre-existing CAD and abnormal baseline EKG are risk 
factors for clinically significant MI post-wICH regardless 
of rFVIIa use. Recombinant factor Vila is not associated 
with prohibitively high incidence of thromboembolic 
complications while it is associated with decreased FFP 
use and higher survival rate after hematoma evacuation, 
making it a potential wICH therapeutic agent. Larger 
prospective randomized studies are necessary to deter- 
mine whether rFVIIa or PCC use improves outcome in 
wICH patients. 

Abbreviations 

AF: Atrial fibrillation; CAD: Coronary artery disease; DVT: Deep venous 
thrombosis; EKG: Electrocardiogram; FAST: Factor Seven for Acute 
Hemorrhagic Stroke study; FFP: Fresh frozen plasma; IPH: Intra-parenchymal 
hemorrhage; PCC: Prothrombin complex concentrate; PE: Pulmonary 
embolism; rFVIIa: Recombinant factor Vila; SAH: Subarachnoid hemorrhage; 
STEMI: ST-elevation myocardial infarction; SDH: Subdural hemorrhage; 
TIA: Transient ischemic attack; wICH: Warfarin-associated intracerebral 
hemorrhage. 



Competing interests 

SH-Y Chou received funding support from the American Heart Association 
(10CRP2610341), and the Harvard CTSC/NIH (5KL2RR025757-02), and NIH/ 
NINDS (5K23NS073806). 



Authors' contributions 

SC: Conceived and designed study, collected data, performed the statistical 
analysis, and prepared manuscript. XC: Identified study subjects, acquired 
and interpreted data, performed statistical analysis, and prepared manuscript. 
RK and LB: Identified study subjects, collected data, assisted in manuscript 
preparation. GH, FS, and SF: acquired and interpreted data, prepared 
manuscript. All authors read and approved the final manuscript. 



Acknowledgements 

The authors acknowledge substantial editing assistance by Dr. Jong Woo Lee 
and Dr. Allan H. Ropper. 

Received: 13 June 2012 Accepted: 19 November 2012 
Published: 15 December 2012 



References 

1. Hart RG, Boop BS, Anderson DC: Oral anticoagulants and intracranial 
hemorrhage. Facts and hypotheses. Stroke 1995, 26:1471-1477. 

2. Schulman S, Beyth RJ, Kearon C, Levine MN: Hemorrhagic complications of 
anticoagulant and thrombolytic treatment: American college of chest 
physicians evidence-based clinical practice guidelines (8th edition). Chest 
2008, 133:257S-298S. 

3. Aguilar Ml, Hart RG, Kase CS, Freeman WD, Hoeben BJ, Garcia RC, Ansell JE, 
Mayer SA, Norrving B, Rosand J, et al: Treatment of warfarin-associated 
intracerebral hemorrhage: literature review and expert opinion. Mayo 
Clin Proc 2007, 82:82-92. 

4. Huttner HB, Schellinger PD, Hartmann M, Kohrmann M, Juettler E, 
Wikner J, Mueller S, Meyding-Lamade U, Strobl R, Mansmann U, et al: 
Hematoma growth and outcome in treated neurocritical care 
patients with intracerebral hemorrhage related to oral anticoagulant 
therapy: comparison of acute treatment strategies using vitamin K, 
fresh frozen plasma, and prothrombin complex concentrates. Stroke 
2006, 37:1465-1470. 

5. Makris M, Greaves M, Phillips WS, Kitchen S, Rosendaal FR Preston EF: 
Emergency oral anticoagulant reversal: the relative efficacy of infusions 
of fresh frozen plasma and clotting factor concentrate on correction of 
the coagulopathy. Thromb Haemost 1997, 77:477-480. 

6. Fredriksson K, Norrving B, Stromblad LG: Emergency reversal of 
anticoagulation after intracerebral hemorrhage. Stroke 1992, 23:972-977. 

7. Goldstein JN, Thomas SH, Frontiero V, Joseph A, Engel C, Snider R, Smith EE, 
Greenberg SM, Rosand J: Timing of fresh frozen plasma administration 
and rapid correction of coagulopathy in warfarin-related intracerebral 
hemorrhage. Stroke 2006, 37:151-155. 

8. Ansell J, Hirsh J, Poller L, Bussey H, Jacobson A, Hylek E: The pharmacology 
and management of the vitamin K antagonists: the seventh ACCP 
conference on antithrombotic and thrombolytic therapy. Chest 2004, 
126:204S-233S. 

9. Appelboam R, Thomas EO: Warfarin and intracranial haemorrhage. Blood 
Rev 2009, 23:1-9. 

10. Broderick JP, Adams HP Jr, Barsan W, Feinberg W, Feldmann E, Grotta J, 
Kase C, Krieger D, Mayberg M, Tilley B, et al: Guidelines for the 
management of spontaneous intracerebral hemorrhage: a statement for 
healthcare professionals from a special writing group of the stroke 
council. American heart association. Stroke 1999, 30:905-915. 

1 1 . Rosand J, Eckman MH, Knudsen KA, Singer DE, Greenberg SM: The effect of 
warfarin and intensity of anticoagulation on outcome of intracerebral 
hemorrhage. Arch Intern Med 2004, 1 64:880-884. 

12. Felfernig M, Huepfl M: Experience of recombinant activated factor VII 
(NovoSeven) in the operating theatre and intensive care unit for the 
management of intracranial bleeding in nonhaemophilic patients. Clin 
Neurol Neurosurg 2008, 110:227-232. 

13. Lee SB, Manno EM, Layton KF, Wijdicks EF: Progression of warfarin- 
associated intracerebral hemorrhage after INR normalization with FFP. 
Neurology 2006, 67:1 272-1 274. 



Chou et al. BMC Neurology 201 2, 1 2:1 58 
http://www.biomedcentral.eom/1471-2377/1 2/1 58 



Page 7 of 7 



14. Mayer SA, Brun NC, Begtrup K, Broderick J, Davis S, Diringer MN, Skolnick BE, 
Steiner T: Efficacy and safety of recombinant activated factor VII for 
acute intracerebral hemorrhage. N Engl J Med 2008, 358:2127-2137. 

15. Sugg RM, Gonzales NR, Matherne DE, Ribo M, Shaltoni HM, Baraniuk S, 
Noser EA, Grotta JC: Myocardial injury in patients with intracerebral 
hemorrhage treated with recombinant factor Vila. Neurology 2006, 
67:1053-1055. 

16. Skaf E, Stein PD, Beemath A, Sanchez J, Bustamante MA, Olson RE: Venous 
thromboembolism in patients with ischemic and hemorrhagic stroke. 
Am J Cardiol 2005, 96:1 731 -1 733. 

1 7. Goldstein JN, Fazen LE, Wendell L, Chang Y, Rost NS, Snider R, Schwab K, 
Chanderraj R, Kabrhel C, Kinnecom C, et ah Risk of thromboembolism 
following acute intracerebral hemorrhage. Neurocrit Care 2009, 10:28-34. 

1 8. Diringer MN, Skolnick BE, Mayer SA, Steiner T, Davis SM, Brun NC, Broderick 
JP: Thromboembolic events with recombinant activated factor VII in 
spontaneous intracerebral hemorrhage: results from the factor seven for 
acute hemorrhagic stroke (FAST) trial. Stroke 2010, 41:48-53. 

1 9. Robinson MT, Rabinstein AA, Meschia JF, Freeman WD: Safety of 
recombinant activated factor VII in patients with warfarin-associated 
hemorrhages of the central nervous system. Stroke 2010, 41:1459-1463. 

20. Sorensen B, Johansen P, Nielsen GL, Sorensen JC, Ingerslev J: Reversal of the 
international normalized ratio with recombinant activated factor VII in 
central nervous system bleeding during warfarin thromboprophylaxis: 
clinical and biochemical aspects. Blood Coagul Fibrinolysis 2003, 14:469-477. 

21. Deveras RA, Kessler CM: Reversal of warfarin-induced excessive 
anticoagulation with recombinant human factor Vila concentrate. Ann 
Intern Med 2002, 137:884-888. 

22. Gerotziafas GT, Zervas K, Arzoglou P, Karavaggeli E, Parashou S, Van Dreden 
P, Christakis J, Samama MM: On the mechanism of action of recombinant 
activated factor VII administered to patients with severe 
thrombocytopenia and life-threatening haemorrhage: focus on 
prothrombin activation. Br J Haematol 2002, 1 17:705-708. 

23. Ilyas C, Beyer GM, Dutton RP, Scalea TM, Hess JR: Recombinant factor Vila for 
warfarin-associated intracranial bleeding. J Clin Anesth 2008, 20:276-279. 

24. Skolnick BE, Mathews DR, Khutoryansky NM, Pusateri AE, Carr ME: 
Exploratory study on the reversal of warfarin with rFVIIa in healthy 
subjects. Blood 2010, 116:693-701. 

25. Conti S, La Torre D, Gambelunghe G, Ciorba E, lorio A: Successful 
treatment with rFVIIa of spontaneous intracerebral hemorrhage in a 
patient with mechanical prosthetic heart valves. Clin Lab Haematol 2005, 
27:283-285. 

26. Freeman WD, Brott TG, Barrett KM, Castillo PR, Deen HG Jr, Czervionke LF, 
Meschia JF: Recombinant factor Vila for rapid reversal of warfarin 
anticoagulation in acute intracranial hemorrhage. Mayo Clin Proc 2004, 
79:1495-1500. 

27. Stein DM, Dutton RP, Kramer ME, Handley C, Scalea TM: Recombinant 
factor Vila: decreasing time to intervention in coagulopathic patients 
with severe traumatic brain injury. J Trauma 2008, 64:620-627. discussion 
627-628. 

28. Brody DL, Aiyagari V, Shackleford AM, Diringer MN: Use of recombinant 
factor Vila in patients with warfarin-associated intracranial hemorrhage. 

Neurocrit Care 2005, 2:263-267. 



doi:1 0.1 186/1471-2377-12-158 

Cite this article as: Chou et al:. Thromboembolic risks of recombinant 
factor Vila Use in warfarin-associated intracranial hemorrhage: a case- 
control study. BMC Neurology 201 2 12:158. 



f \ 

Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^'\ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



